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ABSTRACT

This senior project discusses the design of a vineyard irrigation system for Lavers Ranch
in the Glennville, Ca. The vineyard is 33 acres in the foothills of the Sierra Mountains
and water will be provided for the system by three springs located on the ranch. This
senior project discusses vineyard layout: vine direction, vine spacing, and emitters per
vine. Using Microsoft excel, a program will be developed that will give irrigation
requirements for the conditions given by Lavers Ranch. Along with the excel program
final maps will be included with detailed information of the field requirements.

iv

DISCLAIMER STATEMENT

The university makes it clear that the information forwarded herewith is a project resulting
from a class assignment and has been graded and accepted only as a fulfillment of a course
requirement. Acceptance by the university does not imply technical accuracy or reliability.
Any use of the information in this report is made by the user(s) at his/her own risk, which
may include catastrophic failure of the device or infringement of patent or copyright laws.
Therefore, the recipient and/or user of the information contained in this report agrees to
indemnify, defend and save harmless the State its officers, agents and employees from any
and all claims and losses accruing or resulting to any person, firm, or corporation who may
be injured or damaged as a result of the use of this report.
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INTRODUCTION

Background
The winery industry in California is a constantly growing business venture. In order to
produce wine, you need grapes. Therefore, as the wine industry continues to grow, so
does the demand for grapes. Many ranchers have noticed this increased demand for
grapes and have been interested in developing a vineyard on their property in order to
benefit from this demand.
Lavers Ranch, in Glennville, is one of the ranches that have realized the potential of
grapes and the development of a vineyard on their property. Lavers Ranch has done their
research and has decided that given the topography of their property and weather
conditions of the area they would be able to benefit from growing Pinot Noir grapes. In
order to proceed with their plans of developing a vineyard they need an engineer to
design an irrigation system that will fulfill their needs.
Objective
Lavers Ranch needs an engineer to design an irrigation system for a vineyard that is
planned to be placed on 33 acres and has three developed springs on the property. The
capacity of the springs are unknown so the irrigated block size will have to be small
enough to ensure that sufficient water can be removed from the springs. Glennville is
located in the foothills of the Sierra Mountains and therefore weather conditions can
reach freezing, thus a frost protection will have to be included in the vineyard design.
Irrigation scheduling should also be done to give Lavers Ranch a schedule in which they
can follow to ensure that their vines are receiving sufficient water. Finally a buffer
reservoir will need to be considered, given the time constraint on the project the buffer
reservoir will not be designed, but recommended once the project is completed. Therefore
specifications on the buffer reservoir will not be detailed in the report.
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LITERATURE REVIEW

To be able to design an efficient irrigation system for Lavers Ranch vineyard one must
first look at the crop that is being grown and the area in which it will be grown. The GIS
layout of the vineyard has been provided as well as the locations of the three springs on
the property. Provided this layout, the slopes of the vineyard have been determined and
the boundary of the vineyard. The evapotransporation (ET) and crop coefficients for wine
grapes will be determined in order to evaluate the water use of the crop by using Equation
1 below and information provided by CIMIS. CIMIS is the California Irrigation
Management Information Sytem that manages a network of over 120 automated weather
station in the state of California. The purpose of CIMIS is to assist California’s irrigators
manage their water resources efficiently.
Equation 1 Crop Evapotranspirtaion (Burt, 2007)

ET = ETo * Kc
Evapotranspiration (ET) is the combined process of evaporation from soil and plant
surfaces, and transpiration from plants that is lost to the atmosphere. ETo is the grass
referenced potential ET that is estimated from weather data. According to Burt (2007) the
maximum ET should be selected from the peak month and that data should come from an
average or normal year.. The crop coefficient (Kc) depends on the crop, stage of growth,
percent canopy, degree of stress, percent wetted area, etc. Provided the graph in Figure 1
and assuming a 40% canopy cover a Kc value of .70 is determined. The irrigation design
will have to be able to meet this ET because the pump flow rate and system design
capacity are based upon the period of maximum ET (Burt, 2007).

Figure 1 Kc vs Percent Canopy for wine grapes (Burt, 2007)

Since the vineyard will be placed on a slope, a cover crop will be needed to prevent
erosion, improve rainfall penetration, harbor beneficial insects, reduce dust, and reduce
the sun glare on the fruit. Cover crops grown in the winter and spring bring the whole
field to a uniform moisture content by the beginning of summer. The moisture regime of
the vines can then be completely controlled by the drip system from that time on. The
cover crop will be allowed to die during the summer (Burt, 2007).
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The fact that crops can potentially have a certain ET does not mean that it is desirable to
actually have that ET rate. Wine grapes are generally stressed, known as regulated deficit
irrigation or RDI, prior to harvest in order to improve the sugar content of the berries.
Irrigation scheduling involves managing the soil reservoir so that water is available when
it is needed by the plants. Important concepts in irrigation scheduling are: when one
should irrigate and how much water should be applied during irrigation (Burt, 1995).

Figure 2 Typical water-air-solid- proportions of loam soil at field capacity (Burt, 1995)

The above figure was provided by Burt (1995) and gives an idea of the available water
holding capacity of a loam soil. Once the soil characteristics are confirmed Burt (1995)
gives the available water/ft of soil for each specific soil. This data will be interpreted to
help with the irrigation scheduling of the vineyard.
To analyze the irrigation scheduling it is necessary to see what the soil conditions are on
the area. Different soils have different water filtration conditions, which can dictate the
length and timing of irrigation. Irrigation scheduling is conventionally based either on
‘soil water measurement’, where the soil moisture status (whether in terms of water
content or water potential) is measured directly to determine the need for irrigation
(Jones, 2004). Thus there will be a need for soil moisture monitoring and measurement.
To get a better idea of how the soil will affect the root distribution that will make the
irrigation scheduling more accurate and precise. Steenwerth (2007) provides soil data
along with root depths of grape vines that can help with the establishment of how deep
the water needs to penetrate the soil to be accessible to plant as well as determine the
depth of soil moisture monitors.
The importance of soil moisture monitoring is to prevent the grape from being stressed.
Reynolds 1994 found an increase in the number of shriveled berries in Pinot noir’ with
increasing water stress duration. If the irrigation scheduling is not precisely designed then
it can cause for a decrease in yields for the grapes as well as money loss for the farmer.
Once the irrigation schedule is determined it will have to be adjusted as the vines mature
as according to Howell 1999. Burt (1995) shows that grapes have an effective rooting
depth of 3 – 6 ft, soil moisture monitors will need to be placed at 1 ft increments from the
3ft mark down to the 7ft mark. The reason to go below the 6 ft mark is to ensure that if
there is any salt it the soil it is being leached out. The reason for wanting to remove the
salts is that salt can accumulate in the soil causing an “osmotic stress” which has the
same effect on plants as a very negative matrix potential when the soil is dry (Burt,
1995). Grapes have a Threshold ECe of 1.5 ds/m according to Burt, 2007. That being said
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the springs will have to be examined to see what the water conditions are. If there is too
much salt in the water, SO2 generators or direct injection of sulfuric acid into the water
(Burt, 1995) will be used to bring the salinity level down. In the end the important factors
in this design will be the irrigation scheduling and initial design. All information will
need to be closely examined to ensure that the farmer’s investment will be cost effective.
Once the slopes of the vineyard and the irrigation scheduling have been determined, then
the design of a sufficient irrigation system can begin. From Burt (2007) the most
effective irrigation choice will be the use of a drip system. Vineyard drip systems
typically have one hose per plant row on closely spaced rows. Vineyards with single hose
per row involve the hose being generally installed down the plant row and placed on the
soil surface next to the trunk of the vine with only a small percentage of extra length to
accommodate hose expansion as well as contraction due to temperature change (Burt,
2007). Emitters are often spaced in arid regions so that at least 60% of the potential root
zone volume is wet, which provides an adequate moisture reservoir for periods of high
evapotranspiration, and as insurance against several days of breakdowns (Burt, 2007). On
vineyards with a single hose per row there is usually one or two emitters used per vine
(Burt, 2007). Given the irrigation scheduling and amount of water needed per vine an
emitter will be chosen from the manufacture that establishes these irrigation
requirements.
Along with the drip irrigation need, there are also frost protection needs because frost
protection management results in reduced crop loss, reduced susceptibility to diseases,
and increased profitability (Heinemann, 1992). Studies done by Heinemann gives
information on different types of frost protection but more importantly on sprinkler frost
protection, along with information provided in Burt 2007, the correct frost protection will
be chosen. Grapes have a critical temperature of 27 degrees F, if this is reached at can
cause problems with blooming and budding (Domoto, 2006). According to Domoto
(2006) a lot of different methods can be used to prevent frost: heaters, wind mills,
sprinklers, and even helicopters. Preventing frost can be easily done; the biggest problem
is finding a solution that is inexpensive. Sprinklers would be the least expensive frost
protection. Sprinklers with relatively warm water gives up heat upon contact with the
cold air and plant tissue preventing the cold air from producing frost. Additional energy
is released when the water freezes, known as heat of fusion (Domoto, 2006).
After the drip irrigation and frost protection have been designed along with the irrigation
scheduling it will be determined whether or not the two springs located on the property
will provide sufficient flow to run this system. A hydraulic grade line will be used to
provide the pressure along the pipe, since at any point the vertical distance from the pipe
to the hydraulic grade line is the pressure head at that point (Finnemore, 2002). The pump
will be selected using the specifications of the design and the pump curve provided by
pump supply companies. After the pump is selected the hydraulic grade line will need to
be re-evaluated to ensure the sufficient pressure.
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PROCEDURES AND METHODS

Field Design Procedure:
The Lavers Ranch irrigation was designed by starting at the vine and designing back to
the water source. The field layout was given in GIS map format and then updated onto
AutoCAD. Whenever designing an irrigation system one must make sure that the system
has been designed to meet the worst case irrigation requirement. Therefore the peak ET
rate of the design area must be calculated to simulate this worst case water requirement.
Incorporating ET data from the CIMIS website for Glennville, Ca using the spatial
function gives a peak ETo for last year of 0.34 in/day during the month of May. Provided
this information and a Kc value of 0.7, which is in relation to a 40% canopy cover, the
peak ET was calculated to be 0.26 inches/day, see Appendix B for specific calculation.
After calculating the ET per vine, the next step is to calculate the flow needed per vine so
that an emitter could be chosen. Given the topography of the area, rolling hills it was predetermined that a pressure compensating emitter should be used to ensure sufficient flow
to each vine. This design was based on the worst case irrigation requirement so the flow
per vine was calculated based on 24 hour/day, 7 days/week irrigation scheduling. Using
Equation 2 below and provided a vine spacing of 8 feet between row and 6 feet between
vines, the net flow rate was calculated to be 0.33 GPH/vine, see Appendix B for specific
calculation.
Equation 2. Net GPM Equation (Burt, 2007)

However, for this design the net GPM was not used, instead the gross GPM was
calculated based on an assumed distribution uniformity of 80%. This was done to ensure
that the irrigation system would supply sufficient water after deterioration occurs. Simply
dividing the net GPM value by 80% produced a gross GPM value of 0.41 GPH/vine.
Emitter selection. Since irrigation distributors don’t adjust emitter flow output to that
precise of a value, a 0.5 GPH emitter was chosen. Netafim produces a 0.5 GPH pressure
compensating emitter called the WoodPecker or WPC, shown in Figure 3 below.

Figure 3. Netafim 0.5 GPH Woodpecker Emitter.

The Woodpecker has a operating pressure range of 7 – 45 psi and is an on-line emitter,
meaning that it punctured into the drip hose. This emitter incorporates continuous self-
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flushing capabilities which provide resistance to plugging. Figure 4 below is a chart
provided by Netafim for the recommended pressure range for the Woodpecker to operate
efficiently.

Figure 4. Pressure range for different sized Netafim Woodpecker emitters.

Number of emitters per vine. To justify how many emitters per vine are needed for a
design the soil properties of the area must be examined. Using the Natural Resources
Conservation Service (NRCS) it was determined that the vineyard soil was a gravelly
sandy loam at the first 13 inches followed by a gravelly sandy clay loam from 13 to 29
inches then back to a gravelly sandy loam from 29 to 60 inches. This soil is considered to
be well drained and non-saline with an available water capacity of about 7.6 inches.
Provided this information it was calculated that only one emitter per vine would only
fulfill 58.9% of the recommended 60% wetted soil volume (Burt, 2007). Therefore two
emitters per vine will need to be used for sufficient wetted soil volume. Emitters for this
design are spaced at 18 inches from the vine; see Appendix B for calculations regarding
the wetted soil volume and emitter spacing.
Lateral size. The lateral is the portion of the irrigation system which delivers water to
each emitter. The longest vine row of the vineyard was examined to ensure proper lateral
size with minimal change in pressure. The longest lateral occurred in Block 6 at 1531 feet
with an elevation change of 10 feet downhill. The change in pressure due to friction and
elevation was 15 psi, it was determined that 0.72” polyethylene hose would be used. This
size hose ensures that each emitter see sufficient operating psi pressure. See appendix
block 6 for more details.
Lateral inlet. The lateral will be connected to the sub-mainline using a ¾” IPS hose that
will rise 12 inches above ground with a 90 elbow to connect to vine wire and other
fittings. To attach the lateral hose to the riser a swivel compression fitting with no hose
screen will be used. This fitting will also be attached to a ball valve so that the lateral can
be turned off for maintenance. In locations where vines run uphill and downhill a swivel
compression tee will be used. See irrigation layout map in appendix for more details.
Lateral flush out. At the end of each lateral there is a figure eight closure that keeps the
hose kinked while the system is in operation. The lateral needs to be flushed periodically
to prevent plugging of the emitters. This is done by un-kinking the hose and allowing the
sediment to be removed from the hose.
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Block Design
Block Size. It was determined with the owner that the vineyard would be separated into
two fields. Within these fields blocks sizes needed to be adjusted so that each blocks
would require about the same flow rate. This was done to so that the owner could irrigate
blocks at separate time if desired. Field 1 was separated into four blocks with 3.3 acres
each with an average GPM requirement of 50. Field 2 was separated into six blocks with
an average of 3.1 acres and an average flow of 47 GPM. All blocks are separated by a 16
foot road to allow ease of access to each block and ability for machinery to make
necessary turns. See Appendix B for exact block sizes and flow requirements.
Block pressure requirement. The longest lateral of each block was examined to calculate
the change in pressure due to friction in the hose and change in elevation. These tables
and calculations can be found in each block appendix. From this information it was
determined that each emitter would have sufficient pressure if the inlet of each the lateral
would maintain around 25 psi.
Drip Sub-Mainline Design
Sub-mainline size. The sub-mainline is the portion of the irrigation system that delivers
water to each lateral. In order to maintain minimal loss of pressure to each lateral each
block was designed to have a proper sized sub-mainline. In order to ensure proper sizing
of the sub-mainline each lateral for that block was examined according to its required
flow rate and pressure requirement. PVC pipe was used for the sub-mainline sizing as
follows: 2” PVC PR 160 psi and 1.5” PVC PR 200 psi. These types of pipe were used to
ensure that the system would not be damaged if it were to become over-pressurized. The
sub-mainline size was adjusted from 2” to 1.5” pipe to keep minimal change in pressure
due to friction and change in elevation while maintaining a velocity of less than 5 feet per
second. Sub-mainlines were placed economically in accordance to each block. All submainline PVC pipe will be buried 30 inches below ground to allow machinery to cross
over without damaging pipe. See block appendices for sub-mainline sizing.
Inlet valve design. The sub-mainline will be connected to the mainline using 2 inch PVC
tee. From the PVC tee the 2 inch sub-mainline will rise slightly above the ground to
where the valve assembly will be located. The valve assembly will incorporate a
continuous acting air (CAV) vent upstream of a ball valve that used for manually on/off
to that specific block. Immediately downstream of the ball valve there will be a pressure
regulator adjusted to 25 psi to ensure that each later receives the proper pressure. Along
with the pressure regulator there will be an air/vacuum relief valve (LAV). The air vents
are used to prevent water hammer damage to the pipe line. After the LAV the submainline will return underneath ground where it will be connected to the laterals. The
valve assembly is located at the edge of each block next to the road for ease of access.
See irrigation map layout in appendix for more details.
Flush out design. At the end of each sub-mainline there is a flush out assembly that
incorporates a 1.5” SCH 40 PVC riser that is raised slightly above ground level. Included
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in the assembly is a 1” LAV and 1.5” gate valve that can be manually open/closed for
flushing of sediment.
Mainline Design
Mainline size. The mainline is the portion of the irrigation system that delivers water
from the pump to each block sub-mainline. The mainline pipe was designed using PVC
pipe as follows: 5 – 3” PVC PR 125 psi and 2” PVC PR 160 psi. These types of pipe
were used to ensure that the system would not be damaged if it were to become overpressurized. To design the proper mainline size the pressure throughout the mainline was
examined along with the flow rate and velocity. These variables were examined at 20
foot intervals and at each block inlet. The mainline size needs to supply enough pressure
so that each sub-mainline inlet will receive at least 25 psi. All mainline PVC pipe will be
buried 30 inches below ground to allow machinery to cross over without damaging pipe.
See Appendix B for mainline size.
Air vent design. Continuous acting air vents (CAV) are placed along mainline to prevent
air from entering the system as well as prevent water hammer. The CAV are placed every
1,320 feet, at all high points, and at all points where pipe begins to slope downhill. See
irrigation map layout in appendix for more details.
Block inlet design. At each block inlet the mainline supplies water to both the drip and
frost protection mainlines. These are connected by two tees. See irrigation map layout in
appendix for more detail.
Frost Protection Design
There is no guarantee that the frost protection will effectively work due to the fact that
weather is unpredictable and that equipment can malfunction. Given the topography of
the vineyard, being in a canyon, it is susceptible to intense frost conditions. As a designer
you cannot guarantee if the system will work because if you do and the system doesn’t
work you are reliable.
Pulsator. It was decided that the design would incorporate Wade Rain 2 GPH Pulsator as
the means for frost protection. The pulsator operates by applying water to the whole vine
that way when temperatures reach below freezing it will freeze the water on the vine and
not allowing the temperature in the vine to decrease below 32 degrees Fahrenheit. The
pulsator is pressure compensating from a range of 15 – 50 psi with a 24” wide spray by
12’ long. The pulsator operates as a check valve below rated pressure and will operate at
nominal rated pressure. The pulsator is to be spaced at every other vine, 12 feet. The
pulsator sits above the vine on stake to ensure the whole vine is covered with water.
Figure 5 below depicts the pulsator.
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Figure 5. Wade Rain 2 GPH Pulsator.

Lateral design. The lateral size for the pulsator is the same size hose as that required for
the drip system. Both the drip and frost protection laterals require the same flow rate,
therefore the same size and pressure requirements. The frost protection lateral runs
parallel with the drip lateral except it is slightly higher above ground at 18 inches as
opposed to the drip lateral at 12 inches. The pulsator is connected to lateral by a spaghetti
tube that inserts directly into hose. As with the drip lateral hose, each lateral has a figure
eight closure end at the end of the lateral to allow for flushing of sediment. See irrigation
layout map in appendix for more details.
Sub-mainline design. Since the laterals for the frost protection are the same size, require
the same flow rate, and pressures as the drip hose the same size sub-mainline is required
for operation. The frost protection has the same valve assembly with the CAV, ball valve,
pressure regulator, and ball valve as the drip sub-mainline. The pressure regulator on the
frost protection sub-mainline is set at a higher pressure, 35 psi, to ensure quality
performance. As with the drip sub-mainline there is a flush out assembly located at the
end of the line to allow sediment to removed. The flush out assembly is the same size as
that of the drip system. See irrigation map layout in appendix for more details.
Filtration System Design
The filtration system must be designed for the worst situation and sine the water supply
comes from three springs the filtration must be designed to handle contaminates. This
design requires media tanks to sufficiently filter the moderately dirty water. A common
rule of thumb is to remove all particles larger than 1/7th of the pulsator orifice diameter.
This design requires 3- 48” media tanks filled with #16 crushed silica. The mesh sized
required by the pulsator is 155 mesh. A brand will be selected by owner when installation
of irrigation system occurs. Regardless of brand, gravel is required on the under-drain.
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RESULTS

The end result of 13 weeks of hard work the irrigation system has been designed and
sized for Lavers Ranch. The irrigation design includes:
• Vineyard size and location
• Field Design
o Emitter type and spacing
o Lateral size
o Lateral inlet details
• Block Design
o Block size
o Block pressure requirements
• Sub-Mainline Design
o Sub-mainline size
o Sub-mainline inlet details
o Flush out design
• Mainline Design
o Mainline size
o Block inlet specifications
o Air vent specifications
• Frost Protection Design
o Pulsator specifications
o Sub-mainline size and flush out
o Inlet details
• Filtration System Design
o Filtration Specifications
System Operation
Drip System. The system has 10 blocks. Each block can be manually turned on/off with a
ball valve upstream of the pressure regulator. The valves are next to the road for ease of
access. Each block has been designed to operate less than 55 GPM at 25 psi. When
changing blocks, open the ball valve for intended block first before closing the valve on
the block currently in operation. This will prevent the system from becoming overpressurized.
Frost Protection System. No guarantee of effectiveness can be provided for this system.
Both the drip system and frost protection system are connected to the mainline in the
same location. Each system has the same valve assembly. These assemblies are right next
to each other at the beginning of each block.
Flushing System. The sub-mainline for both the drip and frost protection system was
designed with a flush out assembly located at the end. To operate open the check valve at
the end of the line and allow sediment to be flushed out. Both lateral hoses for drip
system and frost protection have been designed with a figure eight closure end to allow
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the hose become un-kinked. Open hoses at the end of the laterals and allow for all
sediment to be flushed out. Flushing of the system should occur once every two weeks to
ensure a proper operating system.
Pressure regulator operation. There are two pressure regulators located at each block: one
for the drip system and one for the frost protection system. Each pressure regulator
should be set to maintain a pressure of 25 psi for drip system and 35 psi for frost
protection. To set the pressure regulator: measure the pressure at the first lateral and
adjust the pressure regulator so the pressure at this point is 25 or 35 psi depending on the
system being adjusted. Adjustment of the pressure regulator should not occur every
irrigation, but should be checked periodically and adjusted when needed.
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DISCUSSION

The irrigation system for Lavers Ranch has been designed. Pricing of the system will
depend on how it is installed and where parts are purchased. Irrigation distributors have
different prices for parts and different types of parts that can be sublimated for the ones
that have been recommended in this design. This decision will be left to the owner of
Lavers Ranch.
Pump Requirements
The Lavers Ranch vineyard has been designed to have a pump total dynamic head of 52
psi with a flow rate 470 GPM. The total dynamic head calculated for the pump did not
account for all loses through valves and fittings. Therefore a pump has yet to be selected
for this vineyard, that decision will be left to the ranch owner. These numbers are based
on the system being operated with all the blocks running at once. A smaller pump
requirement could be used if only one block was operated at a time, however this might
affect the irrigation scheduling of the vines. Therefore vines might not get the necessary
amount of water needed to produce a profitable yield. To select a pump use pump curve
information provided by a distributor and locate the point where the pump curve meets
the system curve. This will tell you what size pump, impeller, and hp needed to operate.
Cost of pumping will depend on how the pump is operated: solar, fuel, or electric.
Gross ET Calculation
When calculating the GPH needed per vine this design used the grossed value which
incorporates a DU of 80%. This value should not have been used instead the net value
should have been used. This is due to the fact that wine grapes are penalized for over and
under irrigating. If too much water is applied to the vines it can affect the sugar content of
grape which could affect the overall product. Using the net GPH per vine would of
incorporated a smaller value being used then that of the gross. However, it would not
have affected the emitter size; the vines would still require 0.5 GPH emitters.
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RECOMMENDATIONS

Mainline Layout
Currently the mainline is split into two sections section to supply water for both fields.
After finishing the design it can be seen that this is unnecessary, there is more pipeline
being used that there should be. This can cause the irrigation system to be more
expensive due to the extra cost in unnecessary pipe and fittings. The mainline should
have followed the path to Field 2 which runs just outside of Field 1. Given the
topography of the map, there is only a 10 foot elevation change in majority of the fields.
Having pressure compensating emitters on the vines the mainline could have been more
efficiently designed. The split in the mainline should have occurred in Block 3, refer to
irrigation layout map in appendix.
Buffer Reservoir
A buffer reservoir should be placed on the property as a means of pre-filtration. The
reservoir would serve as a flow rate buffer due to the fact that well pump discharges
fluctuate due to change in well drawdowns. Since there are different block sizes drip
system flow rates will change and there will be need for a constant flow which the
reservoir would supply. The reservoir would help with the efficiency of the backflushing
of the filters. The reservoir would increase water quality by aerating it.
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HOW PROJECT MEETS REQUIREMENTS FOR THE BRAE MAJOR

Major Design Experience
The BRAE senior project incorporates a major irrigation design. Design is the
process of devising a system, component, or process to meet specific needs. The design
process typically includes fundamental elements as outlined below. This project
addresses these issues as follows.
Establishment of Objectives and Criteria. Project objectives and criteria are
established to meet the needs and expectations of the ranch owners.
project.
Synthesis and Analysis. The project will incorporate flow rate and pressure calculations,
testing and analyzing the water and soil on the property, pump considerations, and
irrigation scheduling.
Construction, Testing and Evaluation. The irrigation system will be designed and
evaluated. There will be no testing or construction.
Incorporation of Applicable Engineering Standards. The project will utilize the
ISO/DIS and ISO/CD standards for Agricultural irrigation equipment, ISO/FDIS
standards Polyethylene pipes for irrigation laterals, ISO/CD standards for Chemical
injection tanks, and CEN standards for Hydraulic evaluation.
Capstone Design Experience
The BRAE senior project is an engineering design project based on the knowledge and
skills acquired in earlier coursework (Major, Support and/or GE courses). This project
incorporates knowledge/ skills from these key courses.
• BRAE 133 Engineering Graphics
• BRAE 151 AutoCAD
• BRAE 236 Principles of Irrigation
• BRAE 239 Engineering Surveying
• BRAE 312 Hydraulics
• BRAE 331 Irrigation Theory
• BRAE 414 Irrigation Engineering
• BRAE 532 Water Wells and Pumps
• ENGL 147 Technical Writing
Design Parameters and Constraints
This project addresses a significant number of the categories of constraints listed below.
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Physical. Water is supplied by three on site springs. The layout of the vineyard is
constrained to the location chosen by the ranch owner.
Economic. The cost of the irrigation system must be low enough so that the vineyard is
profitable.
Environmental. Buffer reservoir will produce water for wildlife.
Sustainability. Operation of irrigation will be avoided at peak hours.
Manufacturability. N/A
Health and Safety. Chemical injection will need to be properly installed to prevent
human injury.
Ethical. N/A
Social. N/A
Political. N/A.
Aesthetic. The vineyard will make the property more presentable.
Other. N/A
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